Abstract This report describes a set of 23 informative SNPs (BARCSoySNP23) distributed on 19 of the 20 soybean linkage groups that can be used for soybean cultivar identification. Selection of the SNPs to include in this set was made based upon the information provided by each SNP for distinguishing a diverse set of soybean genotypes as well as the linkage map position of each SNP. The genotypes included the ancestors of North American cultivars, modern North American cultivars and a group of Korean cultivars. The procedure used to identify this subset of highly informative SNP markers resulted in a significant increase in the power of identification versus any other randomly selected set of equal number. This conclusion was supported by a simulation which indicated that the 23-SNP panel can uniquely distinguish 2,200 soybean cultivars, whereas sets of randomly selected 23-SNP panels allowed the unique identification of only about 50 cultivars. The 23-SNP panel can efficiently distinguish each of the genotypes within four maturity group sets of additional cultivars/lines that have identical classical pigmentation and morphological traits. Comparatively, the 13 trinucleotide SSR set published earlier (BARCSoySSR13) has more power on a per locus basis because of the multi-allelic nature of SSRs. However, the assay of bi-allelic SNP loci can be multi-plexed using non-gel based techniques allowing for rapid determination of the SNP alleles present in soybean genotypes, thereby compensating for their relatively low information content. Both BARCSoySNP23 and BARCSoySSR13 were highly congruent relative to identifying genotypes and for estimating population genetic differences.
Introduction
Morphological, physiological, pigmentation and biochemical traits (isozymes) have been used to identify and differentiate among soybean cultivars for decades. However, as the number of cultivars has increased, so have the circumstances, whereby new cultivars are no longer distinguishable from existing ones based solely on these traits.
The advent of DNA-based marker techniques, such as restriction fragment length polymorphism (RFLP), random amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), simple sequence repeat polymorphism (SSR) and single nucleotide polymorphism (SNP) has provided an alternative approach for characterizing and distinguishing cultivars. This has diminished the need to conduct the field trials needed for the time-consuming task of gathering trait-comparison data.
Of the DNA-based marker techniques, SSR or microsatellite markers have been especially useful. Highly polymorphic microsatellite markers have been used quite extensively for forensic and paternity analysis in humans (Balamurugan et al. 2001; Bashiardes et al. 2001; Gangitano et al. 2002; Melendez et al. 2004; Syn et al. 2005) , parental and progeny testing in animals (Glowatzki-Mullis et al. 1995; Heyen et al. 1997; Luikart et al. 1999; Usha et al. 1995; Williams et al. 1997 ) and genotype identification in plants (Schueler et al. 2003; Song et al. 1999) . However, SNPs are more abundant than SSRs in human, animal and plant genomes. The total number of SNPs in cultivated soybean is estimated to be in the range of 4-5 million based on the rate of 280 SNPs observed in 76.3 kbp of sequence in 25 diverse genotypes as reported by Zhu et al. (2003) . The mutation rate of SNPs is low, 10 -8 (Kondrashov 2003; Nachman and Crowell 2000) versus 10 -3 in SSRs (Brinkmann et al. 1998 ). SNP analysis is generally more robust (Krawczak 1999) , even for the analysis of highly degraded DNA (Petkovski et al. 2005) . Furthermore, SNPs are more suitable for the development of high-throughput, easy-to-automate genotyping methods (Alifrangis et al. 2005; Faruqi et al. 2001; Hou et al. 2004; Olivier et al. 2002; Ranade et al. 2001 ) because most SNPs have only two alleles, thereby simplifying the genotyping approaches and analysis.
The objectives of the work reported here were to select a core set of soybean SNPs for efficiently identifying soybean genotypes, to estimate the potential utility of these markers in soybean identification and to compare the congruency of SNPs versus SSRs not only for cultivar identification but also for the estimation of genetic distance.
Materials and methods

Soybean plant material and DNA isolation
Core cultivar set A core set of 96 soybean cultivars was used in the analysis of SNP and SSR variability. These 96 cultivars included (a) 21 modern Korean Elite Cultivars developed and released by Korean soybean breeders between 1980 and 1990 and chosen to represent the range of cultivars grown in Korea (Table 1) ; (b) 59 modern N. American cultivars developed and released by public institutions in the US and Canada between 1978 and 1988 and selected to represent the range of publicly developed cultivars grown in the US and Canada (Table 1) and (c) 16 N. American Ancestral cultivars that, based upon pedigree analysis (Gizlice et al. 1994) , were deemed to represent more than 85% of the allelic variation present in North American cultivated soybean germplasm (Table 1) . Seeds of each of the 96 cultivars were obtained from the USDA Soybean Germplasm Collection, courtesy of Dr. Randall Nelson (USDA-ARS, University of Illinois, Urbana, IL).
Four additional cultivar sets
For the purpose of creating arbitrary sets of cultivars with identical morphological, pigmentation and growth habit characteristics, 36 cultivars were selected from the soybean cultivar database maintained by the Plant Variety Protection Office, USDA (Table 1) . The 36 cultivars fell into four Maturity Groups (MG): 10 in MG I, 7 in MG II, 10 in MG IV and 9 in MG VI. Within each group, cultivars were seemingly identical based upon maturity, seed coat color, hilum color, cotyledon color, leaflet shape, flower color, pod color, pubescence color and plant habit. A detailed description of each cultivar and sources of seeds were reported by Diwan and Cregan (1997) .
DNA isolation
DNA was extracted from bulked leaf tissue of 30-50 plants of each cultivar using the method described by Keim et al. (1988) .
SNP marker discovery
The DNA sequences of unigenes and ESTs were obtained from GenBank, and primers were designed with the goal of amplifying fragments of 300-600 bp in length. Genomic DNA of a set of soybean cultivars, i.e., Minsoy, Noir 1, Archer, Peking, Evans and PI209332 as described by Zhu et al (2003) , was amplified using the PCR primers. After the initial determination via agarose gel electrophoresis that PCR primers appeared to produce a single amplicon from genomic DNA, the PCR products were treated with shrimp alkaline phosphatase (SAP) and exonuclease I (ExoI) to degrade excess PCR primers and dNTPs and were directly sequenced using one of the PCR primers in a labeling reaction with BigDye Terminators v. 3.1 (Applied Biosystems, Foster City, CA). Sequences were analyzed on an ABI3730xl DNA Analyzer (Applied Biosystems, Foster City, CA). The sequence data from each amplicon were analyzed with PolyBayes SNP discovery software as described by Zhu et al. (2003) . SNPs were mapped in the Minsoy · Noir 1 recombinant inbred line soybean mapping population (Song et al. 2004 ). The single base extension (SBE) method was used for the detection of SNPs (see below). A total of 58 SNPs on the linkage map was selected ( Table 2 ). The SNPs were spaced at intervals of approximately 40 cM across the 20 consensus soybean linkage groups (Song et al. 2004 ).
SNP allele assay protocol
The SNP allele(s) present in a genotype were determined using a single base extension (SBE) assay of the DNA of the set of 96 cultivars and the set of 36 additional cultivars (Table 1) . The SBE protocol used here was essentially that described by Chen et al. (2000) which involves (a) an initial PCR amplification of the SNP-containing genomic fragment, before (b) using a SNP-specific SBE oligonucleotide capture probe designed to anneal next to the SNP, (c) using a biotinlabeled dideoxy terminator in the extension step, and finally (d) using microsphere-based flow cytometry for SNP allele identification. Details of each step follow:
Step (a) PCR amplification of the SNP-containing fragment was performed on a MBS 384 Thermo Hybaid thermocycler (Thermo Electron Corporation, Somerset, NJ). The reaction mixture contained 0.1 ll AccuPrime DNA Taq polymerase (Invitrogen, Carlsbad, Calif.), 0.5 ll 10· AccuPrime Taq DNA polymerase buffer, 1.25 lM of each primer and 30 ng template DNA in a total volume of 5 ll. Cycling conditions included an initial denaturation at 94°C for 2 min, then 30 cycles of denaturation at 94°C for 30 s, annealing temperatures ranging from 54 to 60°C (Table 3) for 30 s and extension at 68°C for 1 min, followed by an additional extension at 72°C for 10 min.
Step (b) A total of 0.5 ll of each of the ten PCR products from ten different SNP-containing loci were treated with 1 U of SAP and ExoI to degrade excess PCR primers and dNTPs. The ten-plex reaction solution was mixed thoroughly and incubated at 37°C for 1 h, followed by 15 min at 75°C to inactivate the enzymes. A total of 1.25 ll aliquot of the SAP/ExoItreated PCR products was added to 2.5 ll SBE reaction mixture containing 0.332 ll 10· buffer, 0.000094 U Thermo Sequenase (USB, Cleveland, Ohio), 3 mM MgCl 2 , 0.12 lM of each SBE capture probe primer, 0.4 lM allele-specific biotin-labeled ddNTP and 0.4 lM of each of the other three unlabeled ddNTPs. The thermocycling conditions involved an initial denaturation at 90°C for 1 min, then 79 cycles of denaturation at 90°C for 30 s, annealing at 50°C for 20 s and extension at 68°C for 15 s. The resulting SBE products were then held at 4°C. The SBE products were then precipitated in ethanol at a final concentration of 60% and were incubated in the dark at room temperature for 30 min, pelleted and dried.
Step (c) Each SBE capture probe contains an additional 18-21 nucleotide sequence (Zipcode) at its 5¢-end which allows hybridization to a complementary sequence (called a cZipCode) attached to a fluorescently color-coded carboxylated polystyrene LabMAP TM microsphere (Luminex Corporation, distributed through MiraiBio Inc., Alameda, CA, USA). The hybridization of the capture probe to the microsphere was conducted as described by Chen et al. (2000) . Hybridization procedures for binding the ten extended SBE capture probes (with their ZipCode) to their ten specific microspheres (with the corresponding anti-ZipCode) were carried out in a 50 ll total reaction volume, including 49.4 ll 1· TMAC [3 M tetramethylammonium chloride, 50 mM Tris-HCl (pH 8.0), 4 mM EDTA (pH 8.0), 0.1% Sarkosyl] and 0.06 ll microsphere with 3,000 microspheres of each type in the reaction mix. After hybridization at 54°C for 30 min, the biotinalated products were conjugated with streptavidin by adding 10 ll of 1· TMAC and 200 lg streptavidin R-phycoerythrin at 54°C for 5 min (60 ll of total reaction volume).
Step (d) A Luminex 100 flow cytometer equipped with a Luminex XY Platform plate reader was used firstly to identify the specific microsphere (and thus the SNP locus) based on microsphere color followed by the detection of the presence or absence of the streptavidinbiotin conjugate (indicative of the presence or absence of the specific SNP allele). The fluorescence on the surface of the microspheres resulting from the streptavidin label was converted to a mean fluorescence intensity (MFI) value based on a minimum of 100 microspheres of each of the ten microsphere types in the ten-plex.
SNP locus mapping
The genetic map position of the SNP loci was determined by applying the above SNP allele assay procedures to the parents and members of a Minsoy · Noir 1 recombinant inbred line (RIL) mapping population. This is one of the five mapping populations recently used by Song et al. (2004) to derive a consensus soybean genetic linkage map comprised of SSR, RFLP and other markers. A preliminary positioning of the SNPs relative to the known soybean map was deemed useful to ensure that the final selection of SNPs would not be closely linked and would generally span as much of the soybean genome as possible. Cultivar assay with SSRs
Thirteen highly informative tri-nucleotide soybean simple sequence repeat markers, known as the BARCSoySSR13 set (Table 3) , had been previously identified by Song et al. (1999) as a marker-based means for distinguishing cultivars. For comparative purposes, this 13-SSR set was used to assay the same set of cultivars ( Table 1 ) that were assayed with the SNPs. Protocols for PCR and fluorescent dye labeling described by Song et al. (1999) were followed. SSR alleles were separated on an ABI 3730xl DNA Analyzer and analyzed using GeneMapper V3.0 (Foster City, CA).
Selection of a core set of SNPs
First selection criterion
SNPs which were developed in the Soybean Genomics and Improvement Laboratory, Beltsville Agricultural Research Center and genetically mapped in the Department of Agronomy and Horticulture, University of Nebraska, Lincoln were used in the present study. An initial set of 58 SNP loci from each of the 20 soybean linkage groups was selected for testing (Table 2). When selecting these SNP loci, an attempt was made to sample all linkage groups and within any linkage group, to avoid SNP loci that were closely linked.
Second selection criterion
Based on the SNP assays of 96 Korean, N. American and Ancestral cultivars only those SNPs with SNP diversity greater than 0.2 in the populations were retained for the next stage of screening.
Third selection criterion
SNPs that because of their physical linkage provided similar information for purposes of distinguishing cultivars were generally eliminated via the application of the first selection criterion. However, it was also necessary to detect genetically unlinked SNPs that did not segregate independently as a result of genome-wide linkage disequilibrium. In order to identify a subset of the remaining SNP loci that would be small in number yet still be maximally efficient for distinguishing cultivars, pairwise similarity among the remaining SNPs were calculated (see Statistical analysis) and a cluster analysis was performed based upon the resulting similarity matrix. Because SNPs in the same cluster are (empirically at least) expected to provide similar information, one SNP was selected from each cluster.
To maximize the number of linkage groups in the final selected set (without appreciably reducing the power of the SNP set to distinguish genotypes), the selection of SNP from clusters with multiple SNPs was made so as to maximize the number of linkage groups represented in the selected set.
Statistical analysis
SNP and SSR diversity
The relative informativeness of a marker was calculated as: 1 -Sp ij 2 where p ij is the frequency of the jth genotype summed across all genotypes at the ith locus (Weir 1990 ). This value is referred to as gene diversity.
SNP association and cluster analysis
To measure the association between any two SNP loci, the Hill and Robertson (1968) measure as later used by Awadalla et al. (1999) was used:
, where A and a represent alleles at one locus, B and b represent alleles at the other and p AB , p ab , p aB and p Ab are the genotype frequencies in the population of 96 cultivars. Because r 2 ranges from 0 to 1 (i.e., from complete disassociation to complete association), the distance (d ij ) between each pair of loci was calculated as 1 -r ij 2 . A pairwise distance matrix among SNPs was used to place SNPs in clusters according to their power to discern cultivar differences. The unweighted pairwise group with arithmetic averaging (UPGMA) was used for clustering. This was followed by the application of the third selection criterion as described above.
Estimation of the power to distinguish cultivars in soybean populations
To evaluate the power of BARCSoySNP23 versus randomly selected sets of 23 SNP loci to identify individuals in a population, computer simulations were performed. The observed allele frequency of each selected SNP in the population of 96 genotypes was used for this simulation. Simulated datasets with varying numbers of simulated cultivars were generated, i.e., cultivar population sizes of 50, 100, 500, 1,000, 1,500, 2,000, 2,200 and 2,500. At the beginning of each computational cycle, a random set of 23 SNPs was drawn from the set of 58 SNPs, the actual allele frequencies of each selected SNP in the 96 cultivars were used as the Theor Appl Genet (2007) 114:885-899 893 probability to generate a set of 50, 100, 500, etc. individuals. A total of 1,000 sets of simulated cultivars with each population size (50, 100, 500, etc.) were generated 1,000 times for each random set of 23 loci and analyzed for identical allelic matches at all 23 loci. The process was repeated for each of the 1,000 random sets of 23 SNPs and the average number of uniquely identified simulated individuals was calculated. The maximum number of individuals that could be uniquely identified was defined as the average number of individuals that were uniquely identified in 1,000 · 1,000 computations. A smaller number of indistinguishable genotypes is an indicator of greater power to distinguish genotypes.
Congruence of the BARCSoySSR13 and BARCSoySNP23 distance matrices
The pair-wise distance matrices among cultivars derived from the SSR allele size data and the SNP allele data were measured by the proportion of loci that differed in each pairwise comparison at the locus. Thus, a pair of genotypes could be scored 0 at a locus if they possess two identical alleles, 0.5 if they possess one identical and one dissimilar allele or 1 if they possess no identical alleles. The pair-wise distance was calculated between each pair of cultivars by summing scores across all loci. The Mantel test (Mantel 1967) was used to determine the significance of the correlation between the 96 cultivar distance matrices derived from the SSR and SNP allelic profiles.
Calculation of average genetic distance within each population
To calculate the average genetic distance within the Korean cultivars, the N. American cultivars, the N. American Ancestral cultivars and the 36 maturity group I, II, IV and VI cultivar populations, a statistic similar to p (Nei and Li 1979) was calculated: p = (2SP ij /(n(n -1)))/L, where P ij (i < j) is the number of allele differences between the ith and jth genotypes, the term n(n -1)/2 is the number of possible genotype pairs within the group, and the denominator L is the number of loci assayed.
Informative power of SNPs versus BARCSoySSR13
A cumulative SNP or SSR diversity was calculated based on the formula 1 -P(1 -h L ) (Chakraborty et al. 1988) , where L is the total number of loci and h L is the SNP diversity of the Lth locus. Due to the variation of h L for each locus, the average SNP diversity of the SNPs of 23 BARCSoySNP23 was used as h L for each locus in order to estimate the number of SNPs required to match the power of BARCSoySSR13 panel.
Analysis software
SAS (1999) software was used for all of the above computations.
Results
Selection of a core set of SNPs
Based on the observation of the 96 cultivars, informativeness (SNP diversity) of the 58 SNPs varied from 0.02 to 0.57 with an average diversity of 0.34. Soybean cultivars are ordinarily homozygous, but when developed often trace to more than one plant or to a single heterozygous plant, and thus can be heterogeneous for non-observable markers despite careful selection for phenotypic homogeneity. In the present study, the number of cultivars heterogeneous for two alleles at a SNP locus ranged from 1 to 8 at 44 of the 58 SNP loci. Because of the SNP allele heterogeneity in a few cultivars, some SNPs had diversity values in excess of 0.5. Of the 58 SNPs, 40 had a diversity greater than 0.20 (Fig. 1) . These 40 SNPs were further analyzed to create a dissimilarity matrix for cluster analysis (Fig. 2) . The cluster analysis indicated that BARC-025861-05129 and BARC-013927-01275 provided the most unique information of the 40 loci analyzed. BARC-018557-03202 and BARC-025703-04999 provided the most similar information in identifying genotypes. The cluster analysis can be used to choose a subset of loci that provide maximum information for distinguishing the 96 genotypes. The number of SNPs to include such a subset is arbitrary and depends on the efficiency of markers to distinguish genotypes and the size and diversity of the test population. In the present case, 23 SNPs were selected based on the vertical criterion line in Fig. 2 . One SNP was selected from each of the 23 sub-clusters, and for those sub-clusters with two or more SNPs within a sub-cluster, the one SNP selected was the one that maximized the number of linkage groups represented by the 23-SNP set (Fig. 2) . The 23 selected loci were distributed on 19 of the 20 soybean linkage groups. Two SNPs were selected from each of the four linkage groups (A2, B2, G and O) while none was selected from linkage group M. The distances between the two SNPs on A2, B2, G and O were 56.1, 51.4, 23.0 and 87.9 cM, respectively. The SNP diversity of the 23 SNPs ranged from 0.22 to 0.56, and 19 of the 23 SNPs had SNP diversity values greater than 0.40. The frequency of genotypes homozygous for the minor allele at the 23 SNP loci (including those heterogeneous for the minor allele) ranged from 12.5 to 47.9% (Table 4 ).
BARCSoySNP23 to distinguish cultivars with identical traits
To examine the effectiveness of the BARCSoySNP23 panel to reliably distinguish morphologically identical individuals, we extended our analysis to a group of 36 genotypes from each of the four maturity groups selected for similarity of pigmentation and morphological characteristics within each maturity group (Table 1 ). The assay showed that all SNPs, except BARC-018693-02992 (on LG-O), were polymorphic among the 36 genotypes. The SNP allele data were used to calculate similarity coefficients between the 36 cultivars within each of the MG I, II, IV and VI groups. The average similarity among all cultivars was 0.63; the most similar cultivars had common alleles at 20 of 23 SNP loci. In the case of the MG I group, the cultivars DSR138 and DSR189 as well as BT1790 and Pioneer 9141 were the most similar, having similarity coefficients of 0.87. In MG II, IV and VI, the most similar cultivars had similarity coefficients of 0.83, 0.87 and 0.80, respectively. The group of 23 SNP loci was adequate to distinguish all cultivars in the four MG sets that were not distinguishable using common classical traits. Distinct allelic profiles were generated for each cultivar (Table 5) .
Maximum number of genotypes distinguishable by the BARCSoySNP23 panel It was of interest to estimate the probability that any two hypothetical cultivars would have identical SNP allelic profiles using the selected 23 SNP loci. Although there are 2 23 possible allelic combinations of 23 biallelic SNPs, the combinations that are empirically probable are much lower and dependent on the frequencies of the alleles at each SNP locus. Using the observed allele frequencies in the 96 cultivar set, an analysis of the simulation data indicated that the BARCSoySNP23 panel could uniquely identify each of 2,200 soybean cultivars. In order to compare the efficiency of the selected BARCSoySNP23 panel versus a random set of SNPs, sets of 23 SNPs were randomly drawn from the 58 SNPs and the maximum number of simulated cultivars uniquely distinguishable was counted at each level of simulated cultivar size. As indicated in Table 6 , the average maximum number of genotypes that could be uniquely distinguished by any randomly chosen set of 23 loci was only 50. Thus, as would be anticipated, the selected panel of 23 SNPs substantively increased the power of cultivar identification over any set of 23 randomly selected SNP loci. This was not an unanticipated result given the careful selection of the BARCSoySNP23 set, but nonetheless, confirmed the power of this set of loci for cultivar identification.
Comparison of the consistency of BARCSoySSR13 versus BARCSoySNP23
The average pairwise distances among the 96 cultivars based on a BARCSoySSR13 analysis versus one based on a BARCSoySNP23 analysis were 0.7034 and 0.4275, respectively. The Z statistic calculated from the two distance matrices was 0.31, thus, the Mantel's test indicated a highly significant association between the two (P < 0.00001). The Mantel test was also used to test the congruency of distances determined by a BARCSoySSR13 versus a BARCSoySNP23 analysis applied to the 36 additional Maturity Group I, II, IV and VI cultivars. The correlation (Z = 0.37) was significant (P < 0.0001). Thus, the set of 23 SNPs and the set of 13 SSRs distinguish amongst these 36 cultivars in a highly congruent manner.
The magnitude of average genetic distance within the four populations (Korean cultivars, N. American cultivars, N. American Ancestral cultivars and the 36 
Discussion
Criteria for marker selection and the efficiency of the BARCSoySNP23 panel Use of molecular markers for cultivar identification has been reported in numerous crops. Esselink et al. (2003) developed 35 microsatellite markers from enriched libraries of Rosa hybrida L, after discarding eleven loci due to their poor amplification, a total of 24 primer pairs was used to characterize 46 hybrid tea varieties and 30 rootstock varieties belonging to different species. Aranzana et al. (2003) used 16 SSRs to identify 212 peach and nectarine cultivars, 7 of which were used without prior knowledge of their level of variability in peach. Using random sets of markers or markers associated with genes for variety identification was reported by Oganisian et al. (1996) in potato, Sobotka et al. (2004) in oilseed rape, Singh and Ahuja (2006) in tea and Shirasawa et al. (2006) in rice. A selected set of highly informative markers is expected to increase the efficiency of cultivar identification; however, the criteria for selecting such a panel of markers have not been well defined in the aforementioned studies involving crop plants. In previous reports, the allele frequency and genome location of markers were the most frequently used criteria. Candidate markers were selected based on high gene diversity (Lee et al. 2005; Krawczak 1999; Heaton et al. 2002) , minor allele frequency greater than 0.1 (Werner et al. 2004) , the absence of genetic linkage (Lee et al. 2005; Hochberg et al. 2003; Werner et al. 2004 ) and/or the necessity that alleles do not deviate from Mendelian inheritance (Heaton et al. 2002) . In the present case, wherein 58 SNP loci were analyzed in 96 cultivars, a cluster analysis revealed clusters of SNP loci, whereby SNPs within a cluster possessed a similar ability to distinguish cultivars despite the fact that SNP loci within clusters are not physically linked. The elimination of SNPs that provide similar information in terms of distinguishing cultivars improves the efficiency of the core set, since the power for distinguishing cultivars will remain high, but with fewer SNPs to evaluate. Thus, in addition to selecting markers on the basis of allelic diversity and linkage group coverage, the 23 SNP marker loci chosen here involved a pairwise dissimilarity (based upon r 2 , the widely used measure of linkage disequilibrium) criterion, to eliminate SNPs which are in sufficiently strong genome-wide LD. The selection was based on the cluster tree of SNPs, with one SNP selected from each of the sub-clusters, so that SNPs selected in this way would be the most effective set for cultivar identification. A similar strategy was successfully used for the identification of a core set of unique SSRs in soybean (Song et al. 1999) , although the calculation of the distance matrix for SSRs was slightly different than that used here for the identification of maximally informative SNPs. This difference was the result of the multi-allelic nature of SSRs versus the bi-allelic SNPs used in the current study.
Single nucleotide polymorphisms are recognized as the most common source of soybean DNA diversity, and thus represent a virtually unlimited source of Theor Appl Genet (2007) 114: 885-899 897 molecular markers that can be used to distinguish genotypes. Because the SNP panel is currently optimized for the North American and Korean populations, it is likely to require modification for optimal utility in other populations. As greater ability to distinguish genotypes is required, additional SNPs can readily be added to the panel.
Comparison of the SSR and SNP panels for identifying cultivars
BARCSoySSR13 is a core set of SSRs selected by Song et al. (1999) for cultivar identification. Both BARCSoySSR13 and BARCSoySNP23 were used to characterize the 96 cultivars and the 36 genotypes from four different Maturity Groups. The average number of alleles per SSR locus observed in the 96 genotypes was 7.8 (range from 5 to 17), the mean SSR diversity was 0.73 (range from 0.60 to 0.83). The average genetic distance among genotypes was 0.75. In contrast, the average number of alleles per SNP locus, average diversity, and average pairwise distance determined by BARCSoySNP23 set were 2, 0.45 (range from 0.22 to 0.56) and 0.43, respectively. A similar trend of variation determined by SNPs and SSRs was also observed in the 36 MG I, II, IV and VI genotypes. It is clear from these data that the diversity and power of SSRs are higher than that of SNPs on a per locus basis, primarily because multi-allelism is a powerful determinant of informativeness. However, the lower informativeness of SNPs can be readily overcome by use of a larger number of SNP markers. The power of the BARCSoySSR13 to discriminate genotypes can be obtained by utilizing approximately 31 SNPs, assuming each of the SNPs had an average diversity of the SNPs in the BARCSoySNP23 panel. The cost of SNP assays varies with SNP assay methods. Lee et al. (2004) estimated the cost of reagents per simplex (per data point) reaction among four SNP genotyping assays to be $0.069-0.104. As SNPs continue to gain prominence in plant and animal genetic analysis, the cost effectiveness of SNP detection assays is likely to improve.
